But N iko's interest in nature, already apparent when he was five years old, did not come primarily from family members: they enjoyed the open air, but they were more concerned with the arts and social problems. In an autobiographical article (Tinbergen( 1985) to which this memoir is much indebted) he ascribes his fascination with wildlife to the general interest in nature which had been growing in The Netherlands since the late 19th century. There were newspaper articles and popular books on animal life, and, appealing to the collector in every child, excellent reproductions of the paintings of natural history subjects by 19th century artists were given away in biscuit packets. Elsewhere (Notes) he has mentioned the importance to him of the writings of Jac. P. Thijsse and 'the now forgotten American author William Long'.
In his teens Niko joined the Dutch Youth Association for the Study of Nature; a youth organization which arose after World War I, perhaps as an unconscious reaction to the 'mismanagement of the world' by adults. It was mainly a federation of school natural history clubs which deliberately eschewed discussion of politics, organizing excursions, lectures, camps and so on. The common interests of the groups tended to make it somewhat elite, though it was open to anyone who shared those interests between the ages of about 12 and 23. And the Dutch countryside provided ample material for those interests. At that time the surroundings of The Hague were largely unspoiled: beaches, dunes, woods, and polders with meadows and ditches. Also the family used to spend the summer vacation at Hulshorst, east of the Zuider Zee; an area consisting of sand-dunes mostly covered with pinewoods and heather.
At school, Niko did not apply himself to the traditional subjects more than he had to. He belonged to a small group of amateur ornithologists led by an outstanding ex-officer high school director and mathematics teacher, G. J. Tijmstra, to whom Tinbergen (Notes) ascribed 'the greatest influence on my biological thinking and its application to problems of animal behaviour'. His interests were tactfully encouraged by his biology teacher, A. Schierbeek, who, Tinbergen later wrote 'tolerated my lack of interest in what was then academic biology and my (for that time) unconventional interest in the live anim al... Academic zoology .... abhorred me so much that I had made up my mind not to become a biologist.' At the same time he was passionately keen on sports, especially field hockey (he later became a member of the national team), skating and athletics.
As a result, at the end of his school days he was still undecided on a career, but his aptitude for biology was recognized by the theoretical physicist Paul Ehrenfest, a friend of the family. Ehrenfest and Schierbeek provided him with an opportunity to spend several months at Vogelwarte Rossitten, the observatory at which the scientific ringing of birds was pioneered. Upon his return, he decided to 'take the plunge and struggle through the dry Leiden curriculum' (Notes), and enroled for a degree in zoology.
St u d e n t d a y s
He was not a distinguished student. Most of his energy was spent on hockey or on his own natural history pursuits. However, he was influenced by C.J. van der Klaauw, who had wide interests in biology and laid great emphasis on the correct formulation of biological problems; and he found a 'kindred soul' in H. Boschma, who was a first-rate naturalist. In addition, he had an even more important ally in Jan Verwey, then a young staff member (and later Director of the Netherlands Institute for Sea Research), who was not over-keen on the comparative anatomy and taxonomy that dominated the department, and shared Niko's enthusiasm for studies of wildlife. During this period Niko worked on the feeding behaviour of owls and on the reproductive behaviour of the common tem. Much of his bird-watching and photography was done in the company of a group of near contemporaries, including F.P.J. Kooymans, G.A. van Beusekom and M.G. Rutten, with whom he wrote a popular book, and G.W.H. van Dobben and G. Makkink, students at Utrecht. He was also interested in the work of A.F.J. Portielje, Director of the Amsterdam Zoo and a brilliant observer, and Bierens de Haan. The latter was a respected scientist working on animal behaviour, with a good knowledge of the literature, and interested in what the younger people were trying to do. But much as Tinbergen admired the dedication of these two men, and their abilities as observers, he did not follow their more or less subjective approach.
Rather, perhaps affected by the rising influence of physiology, he sought for more objective explanations of behaviour. As a result Tinbergen was able to defend his behavioural work against the scepticism of the biological establishment, which had recently accepted the respectability of physiology. In the end his thesis indicated the route he would take. Studying wasps (of the genus P h i l a n t h u s) that fed on bees and dug burrows in the sand, he investig how, after a foraging trip, they were able to relocate their tiny burrows amid the sand hills. By using simple field experiments with marked individuals he was able to show that they found their way visually, and that they learned appropriate landm arks on short reconnoitering flights which they made on leaving the burrow. In his doctoral dissertation Tinbergen used an approach that characterized much of his later work: careful observation followed by simple but carefully controlled experiments whose aim was to vary one factor at a time, not in an impoverished laboratory environment, but in the field. His thesis was only 32 pages long, the shortest on record at the university. He had planned another field season, but the possibility of an expedition to Greenland came up, and his Professor accepted the short thesis because he was convinced that Tinbergen would go on with the work when he returned. He received his Ph.D. from the University of Leiden in 1932.
In the same year Tinbergen married Elizabeth Amelie Rutten, a chemistry student, and they set off on a 14 month 'honeymoon' with a meteorological expedition to Greenland. The Tinbergens lived with an unwesternized group of Eskimos, learned their language, and acquired an interest in the hunter-gatherer's way of life. He concentrated on the snow bunting, a small bird that arrived as the snows melted, expended much energy in territorial battles with rivals, and bred in the brief summer. The observations he made formed the basis of much of his later thinking on the function of territory, on display, and even on the nature of war. He also published on the red-necked phalarope and made diverse observations on a variety of Arctic animals, including Eskimo dogs. E a r l y t e a c h in g c a r e e r a t Le id e n In 1933 Tinbergen became an instructor in his old department in Leiden. The Head of Department, Professor C.J. van der Klaauw, gave him the task of organizing laboratory practicals, and for this work he chose the three-spined stickleback and other animals that could easily be kept in aquaria or terraria. He was fortunate, in the first two years of trying out these practicals, that the new intakes of students included his younger brother Lukas, Joost ter Pelkwijk, and Gerard Baerends: their enthusiasm undoubtedly facilitated both the laboratory work and the establishment of field studies. It is said that, at that time, Tinbergen wrote above the departmental library door 'Study nature and not books'. The three-spined stickleback was a particularly happy choice, for its natural environment could easily be imitated in an aquarium, and simple experiments were possible. Tinbergen could map the reproductive cycle, analyse the stimuli eliciting attack and courtship from a territory-owning male, and show that the complex zig-zag courtship dance could be seen as a compromise between two incompatible response systems, leading the female to the nest and attacking her. The stickleback became the classic animal of ethology, the work being subsequently continued by Jan van Iersel, his student Piet Sevenster, and many others.
Around the same time he started work on the herring gull, working out the reproductive cycle and setting up experiments on egg-recognition and the stimuli releasing begging. This work also became one of the classics of ethology, giving rise to a comparative study of gull behaviour in which many students participated and to a programme of experimental work which continued under the leadership of Gerard Baerends. At this time, Tinbergen encouraged his students to engage in a wide variety of field projects, initiating studies on hunting wasps, butterflies, hobbies and other species. He established an annual camp among the sandhills at Hulshorst, near his parents' rented summer cottage, a tradition that was reinstated after World War II. It was in 1936 that Lorenz, who was later to share the Nobel Prize with Tinbergen and von Frisch, visited Leiden, and the two immediately recognized their common ground. With van der Klaauw's help and encouragement, Tinbergen spent the spring of 1937 working with Lorenz at his father's home near Vienna. Together they refined the methods of early ethology, Tinbergen inserting experimental probes into Lorenz's observations of hand-re ared greylag geese. From this research came two of the classic studies of early ethology; one concerned with the manner in which a goose retrieves eggs that have rolled out of its nest, and the other with the way a goose recognizes a flying predator. Both enterprises were made possible by Tinbergen's skill in experimentation under (semi-) natural conditions.
In these early days of ethology, Tinbergen and Lorenz had much in common. They both loved being in the open, observing wildlife and 'walking and wondering'. They were similarly unconventional and shared a common sense of humour. They associated easily with their students. But they also differed in critical ways. Lorenz had a rather sentimental sympathy for his individual animals, and kept many pets: Tinbergen did not. And whereas 'wondering' led Lorenz to an intuitive solution, with Tinbergen it led to patient experiments. These differences were of great importance in the subsequent development of ethology.
Tinbergen and Lorenz were separated by World War II. At first Tinbergen, who became a senior lecturer in 1940, attempted to maintain a clear distinction between science and politics. While opposing the German invasion, he maintained contact with German scientific colleagues. Later, however, he spent two years in a German hostage camp for refusing to cooperate with the occupation authorities in their attempts to 'nazify ' Leiden University and for protesting against the removal of Jewish professors from the university. Although Lorenz wrote offering to try to facilitate his release, Tinbergen refused the offer. After he returned from the hostage camp, he worked to contribute to the safety of people in hiding from the Germans. Lorenz was drafted to serve as a doctor on the Russian front, and became a prisoner of war. Although Tinbergen never came to feel fully at ease in Germany after the war, Lorenz and he met frequently. It is probably true to say that the initial warmth of their relationship was never restored, though this was due in part to the difference in their temperaments as well as to the war and its sequelae.
T h e p o s t -w a r y e a r s After the war Tinbergen returned to Leiden, becoming a full professor in 1947. By this time the earlier work of both Tinbergen and Lorenz was becoming known in the English-speaking world. At the suggestion of William H. Thorpe, the Society for Experimental Biology organized a conference on physiological mechanisms of animal behaviour in 1949 in Cambridge. This permitted renewed contact between Tinbergen and Lorenz. One incident from this meeting seems to me to encapsulate much about both men and about their relationship. We were walking down Jesus Lane in Cambridge, and Tinbergen and Lorenz were discussing how often you had to see an animal do something before you could say that the species did it. Konrad said he had never made such a claim unless he had seen the behaviour at least five times. Niko laughed and clapped him on the back and said 'D on't be silly, Konrad, you know you have often said it when you have only seen it once!'. Konrad laughed even louder, acknowledging the point and enjoying the joke at his own expense.
Erich van Holst, for whom Lorenz had great admiration, was unable to attend this meeting, but sent a rather aggressively worded letter which was read aloud by Hans Lissmann. The letter defended the view that motor patterns were coordinated centrally, and attacked the view held by James Gray (Head of the Cambridge Zoology Department) and Lissmann that peripheral reflexes were responsible. This controversy had two consequences. It did not improve relations between Gray and Thorpe, a member of Gray's department, with the result that Gray was less helpful than he might have been when Thorpe was establishing the Ornithological Field Station (later the sub-Department of Animal Behaviour) at Madingley. Second, and more important, it led to the establishment of a biennial series of ethological conferences that have continued ever since and have been of enormous importance in the growth of ethology. Thus a sharp difference of opinion in which both sides were partially right was instrumental in furthering the spread of ethology. In addition, around this time Tinbergen and Thorpe enlisted Frank A. Beach and others to start the journal Behaviour, which carried papers in English, French and German and has remained one of the three leading ethological journals ever since.
THE MOVE TO OXFORD
Tinbergen was convinced of the sterility of much contemporary comparative and experimental psychology. In 1937, as well as visiting Lorenz, he had also spent three months at Yale University in New Haven and at Orange Park (Florida) with R.M. Yerkes: Tinbergen subsequently described this period as 'three months of confusion, trying to understand what American Psychology was all about'. He was appalled at the far-reaching generalizations about behaviour made by experimenters who were largely ignorant of the diversity of nature, and who based their conclusions on laboratory studies mainly confined to a few species of rodents. He felt the concentration on studies of causation to be unduly narrow. With an almost evangelical fervour, he wanted to teach in the English-speaking world. But his time in the U.S.A. also had some favourable consequences. He had made contact with Ernst Mayr and some others who understood his work. Living on a shoestring, he had sown seeds that were to germinate in later years.
In 1949, in spite of the opposition of some of his Dutch colleagues, he resigned his professorship at Leiden and accepted a less well paid and less prestigious lectureship in A.C. Hardy's department at Oxford. Although the facilities he had hoped for never fully materialized, he built up a research group that had a profound influence on the development of ethology around the world. Leaving the bulk of the 'stickleback problem' to his former pupils in Holland, he focused on the adaptedness of behaviour. His work on herring gulls, started in Holland, blossomed into comparative studies of many gull species, with detailed data on a selected few. His most influential book, The study o f instinct, based on a series of lectures given at the American Museum of Natural History in 1947, appeared in 1951. Only 228 pages long, it had a tremendous impact. Tinbergen's writing style was very different from that of his more ebullient colleague, Lorenz. Tinbergen wrote precisely and with great clarity, arguing his points one by one. The book's impact was increased by his thumbnail sketches of the animals he was studying. In 1953, he published Social behaviour in animals, written largely while he was in the German hostage camp.
One of Tinbergen's major contributions has been to emphasize clearly the distinction between the four basic questions about behaviour: its immediate causation, its development, its consequences and function, and its evolution, while at the same time showing how they are interrelated. The study o f instinct contained 127 pages on causation, but only 24 on development, 34 on function, and 26 on evolution. From then on, however, the emphasis changed. Because the questions were interrelated, some of the work on gulls was inevitably concerned with the problem of causation, but the main emphasis was on questions of function (what is this behaviour for?) and on evolution (how did it evolve?). Properly critical of armchair speculation on the functions of behaviour, he used the powerful technique of simple field experiments. For example, noting that gulls remove the empty eggshells from the nest soon after the chicks hatch, and that the parents' absence exposes the chicks to predation, he argued that the removal must have an important function. By putting out eggs, some accompanied by empty shells and some not, Tinbergen and his pupils found that eggs with empty shells nearby were more quickly found by predators. Another major line of work concerned the function of aggressive behaviour in the black-headed gull. First, by studying the behaviour of intruders onto territories in which the owners were immobilized with a stupefying drug, his student I.J. Patterson showed that aggressive displays have a deterrent effect. Tinbergen and his colleagues then showed that territorial behaviour promotes spacing out of the nests and, by taking advantage of natural variation in spacing in the colony, that spacing out reduces predation on pipped eggs and on newly hatched chicks. In this and other ways Tinbergen and his students investigated one aspect after another of the species under study.
Behavioural features can be as characteristic of a species as morphological ones: they had already been used by C.O. Whitman in the U.S.A. and by O. Heinroth and Lorenz in Germany to provide evidence for evolutionary relations between species. Especially valuable in this context were the species-characteristic stereotyped movement patterns used in threat and courtship. Tinbergen, though concerned with this problem, was more interested in the related issue of the origin of interspecies differences in behaviour; that is, in the way behaviour had evolved. As virtually no fossil evidence on the behaviour of extinct species is available, scientific advance depends on comparisons between present-day species. Here, also, (as Heinroth and Lorenz had shown) stereotyped movements proved valuable. If comparative studies reveal small differences between basically similar movement patterns in related species, it is possible to construct hypotheses suggesting which variants are phylogenetically older. For this purpose additional information may be essential; for example, knowledge about the function or causation of movement. The differences between the presumedly older forms and their modified versions indicate the evolutionary changes undergone by the latter. In this way, Tinbergen was able to sketch the probable evolutionary history of 'derived movements' (movements originally serving one function, such as walking, flying, or feeding, which had gradually changed in evolution to serve as signals to other individuals). The changes that such movements had undergone to suit them for a signal function were referred to as 'ritualization'. This comparative research led to studies of the adaptive radiation of behaviour as a concomitant of speciation, and to the demonstration that the invasion of a new niche led to modification of diverse characters, including social structure.
ETHOLOGY AND COMPARATIVE PSYCHOLOGY
In the late 1940s and early 1950s, the young discipline of ethology was criticized by com parative psychologists in the U.S.A. The two principal issues concerned the development of behaviour and its evolution. First, American comparative psychologists had focused on the study of learning, and tended to equate the study of development with the study of the role of experience in development: Tinbergen, and also Lorenz, were impressed by interspecies differences that could not be accounted for by differences in experience. Such a genetic emphasis was contrary to the Anglo-American ideologies of the day (and perhaps equally to those of the com munists). Second, although m ost American psychologists had equated the problem of the evolution of behaviour with that of explaining the diverse levels of complexity in the entire range of the animal kingdom, Tinbergen had been concerned with problems of microevolution, the ways in which closely related species came to differ from each other.
The chief criticism came from T.C. Schneirla, at the American Museum of Natural History, himself a prominent field naturalist. Schneirla had an involved literary style and published largely in journals that were not widely read, at any rate in Europe; but in 1953 Daniel S. Lehrman, Schneirla's student, published a clearly written summary of their views. Though Lehrman had been persuaded to tone down his article by colleagues (especially Ernst Mayr and Frank Beach), it contained a sharp and in parts hard-hitting attack on many aspects of the ethological approach. But, largely because of Tinbergen's ability to be hard-headed when sure he was right, and yet to meet his critics half way when he was not certain, this paper led to a close friendship between the protagonists and a rapprochement between most comparative psychologists and ethologists. This was helped by a common interest in wild animals and by the warmth of personality characterizing both Lehrman and Tinbergen. On the ontogeny issue, both sides changed their emphasis; on the evolutionary issue, the differences in approach were explicitly acknowledged. Lehrman soon recognized that ethologists were using concepts such as the 'innate releasing mechanisms' and the 'fixed action pattern' as temporarily useful heuristic devices, referring to functional entities, and not to refer to mechanisms believed to be causally homogeneous. He also came to see that ethologists had paid much more attention to learning phenomena than he had previously realized. Although Schneirla and some of his colleagues never became reconciled to the ethological approach, Lehrman's article heralded a new understanding between most ethologists and most comparative psychologists, and caused ethologists to be more conceptually precise than previously. For the second time a sharp difference of opinion in which both sides were partially right contributed to the spread of ethology.
THE TWO ETHOLOGIES
By the 1960s the ethological approach was becoming widely accepted, and ethologists had been appointed to teaching posts in a considerable number of zoological and psychological departments. At a finer level of analysis, however, there were two ethologies; one stemming from Lorenz, and more influential in Germany and the U.S.A.; and the other from Tinbergen, and more prevalent in Britain and the Netherlands. Among the differences were Lorenz's adherence to the Freud/McDougall/Lorenz energy model of motivation, which Tinbergen had subscribed to in his 1951 book but subsequently abandoned; Lorenz's more traditional approach to the nature/nurture controversy; and Tinbergen's clearer recognition of the importance of an individual selection approach to evolutionary questions. In general, Tinbergen continued to learn throughout his life.
Sp r e a d in g e t h o l o g y
As his move to Oxford demonstrated, Tinbergen was as much concerned with establishing the science of ethology as with his own contribution to extending the frontiers of research. He wrote freely in natural history journals and for the Scientific American, and two of his best books were written for the educated layman: The herring gull's world (1953a) and Curious naturalists (1958) . Recognizing that the quality of his work could best be conveyed on film, he put most of his energies in the 1960s into making scientific films. One of these, 'Signals for survival' made jointly with Hugh Falkus, won the Italian prize for documentary television films and the Blue Ribbon of the New York Film Festival. Many of his films have not only been widely shown on television, but have formed an integral part of his colleagues' lecture courses around the world. However although he held several visiting lectureships or professorships (for example, South Africa, 1953; University of Washington, Seattle, 1956; Stanford's H opkins M arine Station, 1956), he travelled less than many of his contemporaries, preferring his own home and his field study sites to public lectures. He visited the U.S.A. on several occasions, but never felt fully at home there. In the mid-1950s, the acceptance of waste in the U.S.A. still jarred with his experiences in Holland, and later he (personal communication) expressed perplexity at the contrast between the 'many fine individuals' and the corruptness of the political system.
Tinbergen was a wonderful teacher for he could not help but communicate his enthusiasm and his energy to his students. Very occasionally his energy was overpowering; some found his ebullience in the cold grey of dawn in camp on windswept dunes a little hard to take! Unlike Lorenz, he was never paternalistic, and his students felt he was working with them. Tinbergen (1985) describes his group as 'working together on problems that we began only gradually to see as worth investigating, and of which I knew just as little as my students'. His former students have described his wonderful ability to make everyone he spoke to feel that their ideas were worthwhile and to be taken seriously. Indeed members of the Animal Behaviour Group at Oxford felt like a band of blood brothers engaged on a common enterprise. Desmond Morris has described one of the outward signs of admission to this band. Niko rolled his own cigarettes -thin and emaciated specimens as he fought against the urge to smoke -but he always offered strangers one from a packet. As the stranger became accepted there was a stage in which Niko would offer a rolled cigarette but leave the recipient to lick the paper, and only to a fully accepted student would he lick and seal the cigarette paper himself before handing it over. Perhaps as a result of the impecunious and hard-working days he had spent as a young research worker, he strongly preferred that students collected the Daphnia or the earthworms on which to feed their sticklebacks themselves; but a student always had to recognize that he was being asked to do no more than Niko did himself. The weekly meetings in his own home, started soon after he moved to Oxford, were a critical experience for many budding ethologists. Niko encouraged everyone to take part in the discussions, but insisted on evidence and a precise step by step argument.
Tinbergen's own description of his attitude to his students in his Notes is worth quoting in full:
Apart from research on animal behaviour, my main interest is to assist in the biological education of undergraduates and, primarily, young research workers. I have gradually discovered that my particular type of behaviour studies, those of the way in which animals are and have become adapted to the environments they choose to live in, is relatively rare, and yet occupies a niche which must not be left unoccupied. I tend to attract as co-workers naturalists with enquiring minds, and to teach them how to combine the attitude of the naturalist with that of the sophisticated scientific researcher. I strongly believe in the unity of science and particularly of the biological sciences, and try to prevent overspecialisation of interest in my pupils. Perhaps the main 'bee in my bonnet' with respect to biology is that our real subject is not the life processes or structures we happen to observe, but the survival, reproduction, growth and evolution of systems which defy the second law of thermodynamics, and that our problem is to find out how they do it. I further believe strongly in popularisation of science -not of results of scientific research, but of the type of mental activity which characterises science. Closely connected with this belief is that in the possibility and the need for teaching science as a way of thinking and doing rather than as 'knowledge'.
ANIMALS AND HUMANS
In the mid-1960s Tinbergen played a part in establishing the Serengeti Research Institute, and several of his former pupils played a conspicuous part in the research there. But at this time he became increasingly preoccupied with the implications of the ethological approach for man. In the 1960s he joined J.W.S. Pringle, the Linacre Professor of Zoology at Oxford, and G. A. Harrison, the Professor of Anthropology, in promoting and eventually establishing a course in Human Sciences at Oxford. This was an especially remarkable move on his part in that he normally eschewed university politics, making no secret of his preference for a gull colony over an Oxford Senior Common Room. And establishing Human Biology was no small enterprise. The initial steering group met weekly during term for 18 months, exploring ways of integrating aspects of the biological, psychological and social sciences. There v/as enormous opposition to the establishment of the course from both the university and the Colleges, and it was made the subject of the first postal vote in Oxford. Tinbergen played a very active part in the canvassing necessary to win that vote. Subsequently he donated some of his Nobel Prize money for the purchase of books relevant to the course. In 1968 he gave his inaugural lecture as Professor of Animal Behaviour at Oxford on the theme of 'War and peace in animals and m an'. Influenced no doubt by his experiences with the Eskimo and his observations of their dogs, he pointed out the similarities between man and species that hold group territories, to emphasize the possible consequences of the ineffectiveness in man of some of the mechanisms that reduce violence in nature. Although probably believing that it is impossible to eliminate m an's propensity to fight, he argued that the only hope is to find less dangerous and more useful goals. He took up this theme again in his Croonian lecture to the Royal Society (1972) .
In using his experience with animals to reflect on the problems of humanity, Tinbergen did not fall into the trap of merely looking for similarities. Rather, he constantly emphasized the differences between animals and man, arguing that some of the methods and principles derived from work with animals were applicable to humans. For example, the comparative method, applied by biologists to closely related species, could profitably be applied by social scientists to human cultures.
Tinbergen also became concerned with the reciprocal relationship between science and society. He had long seen that scientific endeavour is a function of the attitudes in the society in which it occurs, and he had, for example, related the rise of behaviourism in the U.S.A. to the pioneering ideal; the belief that nature, including human nature, can be tamed by appropriate environmental manipulation. However, he later came to emphasize that science should influence society. He saw this as crucial in an era when, 'because of our one-sided appreciation and our complacent acceptance of the blessings of our civilization, of reduced infant mortality, of increased affluence, of our "spiritual life" and last but not least of science itself ' (1976) , humans had failed to see the inevitable consequences of technology, of the psychosocial pressures to which they were subjected, and of their exploitation of natural resources, and their pollution of the environment. Tinbergen advocated a two-pronged attack, one aimed at making the environment more suitable, the other at making citizens of the future more capable of coping with their habitat. Among the tools for the latter task he placed first a more biologically balanced form of education, with less emphasis on instruction and more room for play and exploration. In calling for a bloodless revolution in ways of using the environment and treating other humans, Tinbergen urged intellectuals in general to help change the climate of world opinion, and ethologists in particular to guide their work toward increasing relevance to the human predicament.
The revolution in the study of animal behaviour for which Tinbergen was largely responsible was based on several hard-headed attacks on a relatively few highly specific problems; for example, the nature of the stickleback's courtship, the stimuli causing a young herring gull to beg, the functional explanation of why gulls bother to remove empty eggshells from the nest. It was natural that his wide-ranging concern for the future of human society would also find expression in the study of a specific issue (the nature of early childhood autism). Just as his observational methods had shown gull threat postures to be the product of conflicting tendencies to attack and to flee from the rival, so also Tinbergen and his wife (who had supported him in all his endeavours, during the years when their five children required most of her energies, but became an initiator in this one), watching their own and other children, came to believe that children could be caught in a conflict between fear and a desire to make social contact. In extreme cases, the Tinbergens believed, fear dominates the conflict unduly and can give rise to childhood autism. Ironically, as ethologists, they had to stress the decisive influence of the early environment. Their views have been met with scepticism in some medical circles, where autism is believed to have a strong congenital element. But the Tinbergens' reply lay in their careful study of the children's nonverbal behaviour and, concomitantly, of their early environment.
TINBERGEN'S VIEW OF ETHOLOGY
From a life of observation, experiment, and reflection with subjects ranging from hunting wasps to autistic children, it is difficult to summarize briefly what Tinbergen stood for. Looking back on his life, Tinbergen (1986, p. 440) described his work as not involving 'farsighted ventures into the unknown', but rather 'no more than tentative groping attempts at seeing some sense in the variety of animal behaviour systems that fascinated, yet bewildered, us, and the understanding of which had in many ways been made difficult rather than facilitated by the many early brands of psychology to which we turned for enlightenment, but which had disappointed us so bitterly'. Nevertheless, for most of his active career, his most important goal lay in establishing ethology as a scientific discipline. That, of course, raises the question of the precise nature of ethology. Ethology, like any healthily growing science, has no clear boundaries. The best definition perhaps is that it attempts to answer, on a basis of sound description, the four questions about behaviour that Tinbergen distinguished; the questions of causation, development, function, and evolution. This definition carries with it the implications, first, that observation must precede experiment, and second, that complete understanding will not come from the answer to any one of the questions. In this respect, the study of behaviour is quite unlike physical science. Many issues that an ethologist meets simply do not exist in physics. No one thinks of asking 'What is a cloud for?'. Furthermore, the ethologist must always keep the whole system in mind as he analyses it, in order to understand the nature of its parts. Thinking in terms of simple principles, or at one level of analysis, is unlikely to be fertile for long. The student of behaviour must build links 'downwards' to physiology (including genetics and endocrinology), 'upwards' to psychology and psychiatry, social psychology, and sociology, and laterally to ecology and evolutionary studies.
Thus Tinbergen's vision went far beyond the establishment and dissemination of an ethological approach. Writing about the definition of ethology in a personal letter in 1978, he wrote But one can already see that a more or less integrated Biology of Behaviour would be far too wide a complex of sciences for Ethology to parade as a name for it. In other words, I feel that 'Ethology' is the name for a phase in the evolution of the behavioural sciences ... The more I think about this, the more I feel that the idea of a phase is helpful, provided it is linked to the idea of the ethological fashion not having passed or disappeared, but incorporated into the behavioural sciences.
However, as his students and colleagues know, Tinbergen's personal characteristicsenergy and enthusiasm, humility, stubborn perseverance -have played as crucial a role in the growth of ethology as his ideas. Without his combination of obstinacy and flexibility, the rapprochement with comparative psychology might well have been delayed. Although this rapprochement led to differences of opinion between the more conservative German ethologists and what Lorenz called 'English-speaking ethologists', there can be no doubt that Tinbergen has been the cornerstone of the new ethology. He has helped to promote a more balanced development of ethology than its exuberant and assertive early phases might well have inaugurated, a development that reflects much of what Tinbergen advocated as 'the biological approach' to behaviour.
HONOURS
In addition to the Nobel Prize for Physiology or Medicine, Niko Tinbergen received many honours. These included the Swammerdam medal, awarded only every ten years, and honorary degrees from Edinburgh and Leicester. He was a member of the Deutsche Akademie der Naturforscher Leopoldina, a Foreign Member of the Royal Netherlands Academy of Sciences and Arts, a Foreign member of the U.S. National Academy of Sciences, an Honorary Fellow of the Royal College of Psychiatry and of the American Academy of Arts and Sciences, and among the many other awards that he received were the Distinguished Scientific Contribution Award from the American Psychological Association and the Diploma of Honour of the Sociedad Argentina Protectora de los Animales. He was a Fellow of Merton College for a while, but resigned because he did not find College life congenial. Later he accepted an Emeritus Fellowship at Wolfson College, but seldom went there. At the same time he was not just a scientist. Anyone who worked with him, who has read his autobiographical chapter, or seen his sketches and photographs, must acknowledge that he had also the eye of the artist and the sensitivity of a poet. The following is a selection of his more important papers, and of his books.
(1) 1929
A breeding pair of herring-gull x lesser black-backed gull. Ardea XVIII. 
